Tumor necrosis factor-alpha (TNF-a) is a key proinflammatory cytokine. It is generally believed that TNFa exerts its effects primarily via TNF receptor subtype-1 (TNFR1). We investigated the distinct roles of TNFR1 and TNFR2 in spinal cord synaptic transmission and inflammatory pain. Compared to wild-type (WT) mice, TNFR1-and TNFR2-knockout (KO) mice exhibited normal heat sensitivity and unaltered excitatory synaptic transmission in the spinal cord, as revealed by spontaneous excitatory postsynaptic currents in lamina II neurons of spinal cord slices. However, heat hyperalgesia after intrathecal TNF-a and the second-phase spontaneous pain in the formalin test were reduced in both TNFR1-and TNFR2-KO mice. In particular, heat hyperalgesia after intraplantar injection of complete Freund's adjuvant (CFA) was decreased in the early phase in TNFR2-KO mice but reduced in both the early and later phase in TNFR1-KO mice. Consistently, CFA elicited a transient increase of TNFR2 mRNA levels in the spinal cord on day 1. Notably, TNF-a evoked a drastic increase in spontaneous excitatory postsynaptic current frequency in lamina II neurons, which was abolished in TNFR1-KO mice and reduced in TNFR2-KO mice. TNF-a also increased N-methyl-D-aspartate (NMDA) currents in lamina II neurons, and this increase was abolished in TNFR1-KO mice but retained in TNFR2-KO mice. Finally, intrathecal injection of the NMDA receptor antagonist MK-801 prevented heat hyperalgesia elicited by intrathecal TNF-a. Our findings support a central role of TNF-a in regulating synaptic plasticity (central sensitization) and inflammatory pain via both TNFR1 and TNFR2. Our data also uncover a unique role of TNFR2 in mediating earlyphase inflammatory pain. Ó
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Introduction
Tumor necrosis factor-a (TNF-a) is a major proinflammatory cytokine produced not only in the immune system but also in the peripheral and central nervous system, especially under the pathological conditions [16, 48, 51, 64, 67, 68, 70] . Increasing evidence suggests a critical role of TNF-a in the pathogenesis of pain [56] , including neuropathic pain [55, 57, 62] , inflammatory pain [14, 68, 70] , and cancer pain [13, 24] . The peripheral effects of TNF-a on nociceptor sensitization (peripheral sensitization) [37] have been well documented. For example, intraplantar, intradermal, endoneurial, or intramuscular injection of TNF-a elicits heat hyperalgesia and mechanical allodynia [14, 54, 66, 68, 74] . TNF-a also modulates the activity of multiple ion channels, including capsaicin receptor (TRPV1), Na + , Ca 2+ , and K + channels [15, 36, 43] , and induces spontaneous activity in primary sensory neurons [52, 59] .
Several lines of evidence also suggest a central role of TNF-a in producing central sensitization (eg, enhanced synaptic transmission and hyperexcitability in dorsal horn neurons) [33, 39, 42, 69, 73] . First, TNF-a is induced in spinal cord glial cells in several chronic pain conditions [16, 27, 70] . Second, intrathecal injection of TNF-a produces heat hyperalgesia and mechanical allodynia [23, 39, 41] . Third, intrathecal injection of TNF-a inhibitor such as etanercept attenuates chronic pain [7, 44, 55, 57] . Fourth, perfusion of spinal cord slices with TNF-a increases the spontaneous excitatory postsynaptic currents (sEPSCs) [39, 42, 70, 73] and enhances N-methyl-D-aspartate (NMDA)-induced currents in lamina II neurons [13, 39, 75] . In addition, TNF-a induces the trafficking and surface expression of a-amino-3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptors (AMPARs), leading to enhanced synaptic transmission in hippocampal neurons [3, 60] . After spinal cord injury, TNF-a induces rapid trafficking of GluR2-lacking AMPARs to the plasma membrane, leading to cell death of spinal cord motor neurons [19] . Recently, Choi et al. showed that inflammation also induces a TNF-a-dependent surface trafficking of GluR1 AMPARs in the dorsal horn [11] .
TNF-a exerts its effects through 2 structurally related and functionally distinct receptors, the TNF receptor-1 (TNFR1, p55) and the 
